Abstract: Hard grade binder was the most effective method to achieve the high modulus asphalt mixtures. Taking advantage of the project of the reconstruction and extension of Beijing-Hong Kong-Macao highway, the proportioning design, road performances, mechanical performances and construction processes of high modulus asphalt mixture using 20 Pen grade binder were studied during the construction of the test section. Results showed that high modulus asphalt mixture was not a binder substitution, a specialized design methodology and construction techniques are also needed.
Introduction
Recently, high modulus asphalt mixture is one of the hotspots in China which has been incorporated into the concept of permanent pavement in the United Kingdom and the United States [1] . However, it can be seen from the current situation that most of the domestic researchers always confuse high modulus asphalt mixture and anti-rutting asphalt mixture, and think that mixtures with high rutting resistance are high modulus asphalt mixtures too. In fact, according to the French standard of NF P98-140, high modulus asphalt mixture means mixtures with a minimum modulus of 14000MPa under temperature of 15°C and a loading frequency of 10 Hz using two point bending test on trapezoidal specimens or using indirect tension test on cylindrical specimens [2, 3] .
Domestic and international studies show that using hard grade binder (≤25Pen grade) and high modulus additives are the most effective ways to achieve high modulus asphalt mixture, which are also the most cost-effective ways. Natural rock asphalt with SBS combined modified asphalt is also used to improve the dynamic modulus of the mixture in China, this approach is costive. Thus, in France, more than 70% of the road projects use hard grade paving asphalt to build high modulus asphalt pavements [4] .
Taking advantage of the project of the reconstruction and extension of Beijing-Hong Kong-Macao expressway, the proportioning design, road performances, mechanical performances and construction processes of high modulus asphalt mixture using 20 Pen grade binder were studied according to the European methodologies for high modulus asphalt mixture in this paper, which can be used for reference in high modulus asphalt research and hard grade asphalt application.
1 Raw materials and test methods 1.1 Raw materials
Aggregates
Limestone pellets were used as coarse aggregates; fine aggregate limestone sand was; and the filler was limestone powder, all mineral aggregates met the technical requirements of the corresponding existing norms.
Binder
Detections were conducted on the used 20 pen grade binder in accordance with the requirements of European standard EN 12591 and the results were shown in Table  1 , from which it can be seen that the binder meets the requirements too. 
Specimen fabrication methods
PCG gyratory compaction method was used for proportion design which referred to EN12697-31, and the vertical pressure of the equipment was 0.6MPa with an internal rotation angle of 0.82° and an external angle of 1.0°. The height and diameter of the standard cylinder specimen were both 150mm.
Block specimens for performance tests (rutting, modulus and fatigue) were fabricated using BBPAC referring to EN12697-33, and the pressure of the pneumatic rolling tire is also 0.6MPa. The dimensions of the block specimen was 500mm×180mm×100mmfor rutting test and 600mm×400mm×130mm for dynamic modulus and fatigue tests respectively.
Performance test methods
Rutting test was conducted according to EN12697-22 at a temperature of 60°C and a rolling frequency of 1Hz while the tire pressure was 0.6MPa.
Referring to EN12697-26, the dynamic modulus was determined using two point bending test on trapezoidal specimens at a temperature of 15°C and a loading frequency of 10Hz. Fatigue test was carried out using the same launch mode with the dynamic modulus test but at a temperature of 10°C and a loading frequency of 25Hz which referring to EN12697-24, while the failure criteria of fatigue was 50% reduction of initial modulus 2 High modulus asphalt mixtures designing
Aggregate gradation
According to the French experience, high modulus asphalt mixture should be continuous dense graded, but the design guidelines used in France [5] only explicated the mass passing percent range of several key sieves instead of all the sieves, in addition, the mesh size used in France is also different from the size used in China. Based on the above considerations, two different grade referred to as AC-20C and AC-20Fwere determined in this work ,and the former meets the passing percent requirements of AC20that specified in Chinese norms of JTG F40-2004,while the latter gradation meets the requirements of "LPC bituminous Mixtures Design Guide" [5] forEME20 used in France as high modulus asphalt mixture. Specific mass passing percent of each sieve for these two different grades were shown in Table 2 , it shows that the gradation of AC-20F as a whole is finer than the gradation of AC-20C. 
Void requirement
In French specification, the volume porosity of the PCG specimen should not exceed 6% after 120 times of gyratory compaction for mixtures with a nominal maximum aggregate size of 20mm, and the volume porosity can be calculated in accordance with Equation 1.
Where:
v（n g ） : is the void content after a number of gyrations n g , in percentage (%); h（n g ） : is the height of the specimen after a number of gyrations n g , in millimeters (mm); h min : is the minimum height of the compacted specimen, corresponding to a zero percentage of voids, in millimeters (mm).
It is obviously that the volume porosity encompasses the void distributed on the surface of the specimen, thus, it may not accurately reflect the internal volumetric characteristics of the specimen. Therefore, it was proposed to drill a 100mm diameter core samples from the 150mm diameter of specimen and using saturated surface-dry core to determine its bulk gravity and void content, which were typically used as the volumetric parameters for asphalt mixture. Basing on the fact that high modulus asphalt mixture usually has higher binder content, it was finally recommended that the mix design porosity was 3%.
Binder content determination
According to the French methodology, the richness modulus K, which can be obtained from Equation 2, is a key design parameter to determine binder content. For high modulus asphalt mixture, it was required that K≥3.4, and the corresponding bitumen-aggregate ratio was about 5.6%.
TLest: is the binder content by mass of total aggregate,%; α :is a correction coefficient for the relative density of the aggregate ρ, α = 2.65 / ρ; ∑: is the specific surface area calculated from: 100∑ = ‫ܩ52.0‬ + 2.3ܵ + ‫ݏ21‬ + 150݂.
Where:
G:is the proportion of aggregate retained on and above the 6.3 mm sieve, S:is the proportion of aggregate retained between the 0.25 mm and 6.3 mm sieves, s:is the proportion of aggregate retained between the 0.063 mm and 0.25 mm sieves, f: is the percentage passing the 0.063 mm sieve. In this article, both the volume porosity of PCG specimen and the air void obtained using saturated surface-dry core taken from the PCG specimen were taken into consideration when determining the binder content, and requirement of the volume porosity of PCG specimen should be not more than 6% and the air void of the core sample was equal to 3%.
Practical project

3.1Proportion design
Mixture proportion
Gyratorycompactiontests were carried out individually for gradation AC-20C and AC-20Fshown in Table 2 , and the bitumen-aggregate ratio both gradation were in the range of4.2% -5.4% with an interval of 0.3%. The variation curves of the volume porosity of the specimen after 120timesof gyration (V 120 ) and the void content measured using saturated surface-dry core samples (V bg ) with bitumen-aggregate ratio were shown in Figure 1 . According to the above criteria, it was determined that the final bitumen-aggregate ratio for gradation AC-20Cand AC-20F was 4.5% and 4.8%separately. 
Results of the performance tests
Performance tests were also carried out individually for gradation AC-20C and AC-20F both in accordance with Chinese specification of JTG F40-2004 and the French "LPC Bituminous Mixtures Design Guide", and the results were shown in Table 3 .
It can be seen from Table 3 that the dynamic modulus of the mixtures with two different gradation were both not less than 14000MPa, which meets the requirement of high modulus asphalt mixture, and the performance at high temperature are extremely good. In contrast, AC-20C graded mix performs better than AC-20F graded mix overall. 
Construction process
Test section located in the new constructed Beijing-Shijiazhuang section of Beijing, Hong Kong and Macao Expressway Extension Project, and the whole roadbed of the test section was 42m wide. During the construction of the test section, it was required that the production temperature of the mixture should be controlled in 175-185℃, the paving temperature not lower than 170℃, and the surface temperature of the pavement after compaction higher than 110℃.
Three VOGELE 2100-2 pavers and two XP302 Pneumatic-tired Rollers combined with four DYNAPAC CC624HFtandem vibratory rollers were used to pave and compact the mixture. The procedure of the compaction was2 rounds of tandem rollers using weak vibration mode, and then2 rounds of pneumatic rollers, and finally 2 rounds of tandem rollers using strong vibration mode to finish the compaction. There were no abnormal circumstances appeared during the compaction stage, and the local scan of AC-20C and AC-20F pavement were shown in Figure 2 and Figure 3 separately. 
Validation of the test section
Road performances
Hot materials were got from on-site truck during the construction process to make some confirmatory tests including stability at high temperature, cracking resistance at low temperature and water stability performance according to the Chinese norms of JTG E40-2011, the results are shown in Table 4 . Table 4indicates that, compared with the results obtained from the proportion design, the bending rupture strain at low temperature decreased for both of the two mixtures with different gradation, while the dynamic stability increased and the residual Marshall stability essentially unchanged. 
Compaction degree
Compaction degree was validated by taking core from the pavement the next day after the compaction is completed, and the value calculated based on the density of core samples from PCG specimens for proportion design was 99.4% and 100.3% for AC-20C and AC-20F graded pavement, respectively, meaning that the on-site compaction degree of the test section reached the laboratory compaction effect.
Mechanical performances
Hot materials were also acquired to make block specimens for dynamic modulus and fatigue performance validation tests on both of the two different mixtures. In addition, a dimension of 600×400×120mm block was cut from on-siteAC-20C graded pavement, and then sawed to trapezoidal specimens indoors to validate the dynamic modulus and fatigue performance again on the fourth day after the completion of construction. All the mechanical verification results were shown in Table 5 . Table 5 that the dynamic modulus were basically the same between the on-site hot material fabricated block and the on-site cutting block, which were both lower than the mix design test results, but reduced by less than 5%.On the other hand, the fatigue performance of on-site hot material were both significantly lower than the mix design test results for both of the two differently graded mixtures, and the reduction were both more than 50%.Meanwhile, fatigue performance of the on-site hot material fabricated block was close to the result of the on-site cutting block, which was also in a fatigue performance reduction of more than 50% than the mix design results.
Conclusions
Taking advantage of the project of the reconstruction and extension of Beijing-Hong Kong-Macao expressway, high modulus asphalt mixture using 20 Pen grade binder was firstly used in northern China for asphalt pavement, and conclusions can be derived from the construction of the test section between Beijing and Shijiazhuang as follows:
(1) The dynamic modulus of mixture using 20 Pen grade binder is higher than 14000MPa, which meets the technical requirement of high modulus asphalt mixture.
(2) High temperature performance of high modulus asphalt mixture using hard grade binder is significantly superior, but the cracking resistance under low temperature still needs to pay more attention during field application.
(3) For high modulus asphalt mixture using hard grade binder, the change of dynamic modulus resulting from disadvantages relating to construction is on a small scale, actually less than 5%, but the fatigue performance may decrease dramatically after on-site paving and compaction.
(4) High modulus asphalt mixture is not a simple replacement of binder, the closely related supporting design methodology and construction processes need to be further studied.
